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Abstract

Gliomas and melanomas are associated with dismal
prognosis because of their marked intrinsic resistance
to proapoptotic stimuli, such as conventional chemo-
therapy and radiotherapy, as well as their ability to
escape immune cell attacks. In addition, gliomas and
melanomas display pronounced neoangiogenesis. Ga-
lectin-1 is a hypoxia-sensitive protein, which is abun-
dantly secreted by glioma and melanoma cells, which
displays marked proangiogenic effects. It also provides
immune tolerogenic environments to melanoma and
glioma cells through the killing of activated T cells that
attack these tumor cells. Galectin-1 protects glioma
and melanoma cells against cytotoxic insults (includ-
ing chemotherapy and radiotherapy) through a direct
role in the unfolded protein response. Altogether, these
facts clearly point to galectin-1 as an important target
to be combated in gliomas and melanomas in order to:
(1) weaken the defenses of these two types of cancers
against radiotherapy, chemotherapy and immunother-
apy/vaccine therapy; and (2) reinforce antiangiogenic

(4 9
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therapies. In the present article, we review the bio-
chemical and molecular biology-related pathways con-
trolled by galectin-1, which are actually beneficial for
melanoma and glioma cells, and therefore detrimental
for melanoma and glioma patients.

© 2011 Baishideng. All rights reserved.

Key words: Galectin-1; Glioma; Melanoma; Biochemical
pathways
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AN OVERVIEW OF THE BIOLOGICAL

ROLES OF GALECTIN-1

Galectin-1 is a 14.5-kDa [-galactoside-binding protein
that belongs to a 15-member protein family!"™
all evolutionarily well conserved”, expressed by many
different cell types'™ with major roles exerted in the

% 2nd involved in the progression of
[7.11-14]

, which are

immune system

. 2310 . .

various cancer types ', including melanomas
. [15-20]
gliomas" ™.

and
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Galectin-1 belongs to the prototype galectins, which
are characterized by one carbohydrate recognition do-
main (CRD) that can occur as a monomer or as a non-
covalent homodimer consisting of subunits of a single
CRD (galectin-1, about 29 kDa)'"¥. Galectin-1 is func-
tionally present intracellularly (cytosol, nuclei and intra-
cellular plasma membrane) and extracellularly (extracel-
lular cell membrane and extracellular matrix)™”. Although
galectins as a whole do not have the signal sequence
required for protein secretion, galectin-1 is secreted by a
yet unidentified export mechanism that bypasses the clas-
sical endoplasmic reticulum/Golgi apparatus-dependent
secretory pathway that appears to balance tightly between
intra- and extracellular galectin-1%"*.,

In addition to its carbohydrate-binding ability, galec-
tin-1 is able to perform protein—protein interactions™*",
As a result, it participates in a variety of oncogenic
processes including cell transformation™*" cell prolif-

eration s cell death™™?” [22:4,182531)

tasis[2,3,4,10]
lectin-1 also exerts subtle biochemical controls including
modulations of the unfolded protein response (UPR)™*,
following cytotoxic insults contributed by chemothera-
pym’m and radiotherapym, as well as potential roles in
mRNA splicingm'm].

All these biological roles played by galectin-1 occur
through the interactions with a myriad of extracellular
and intracellular ligands and/or receptors including, but
not limited to, laminin, fibronectin, vitronectin, integrins,
CA-125, H-ras, CD45 and gemin—4ﬂ4’18’m. Galectin-1 also
plays major roles in tumor immune escape processes and
in tuning the immune response. This aspect of galectin-
1-related functions has been extensively reviewed™* ™
and is not further discussed here. Figure 1 illustrates the
overall picture of galectin-1-related major roles in tumor

cell biology.

, cell migration , metas-

and angiogenesis”* . As detailed below, ga-

GALECTIN-1 AND MELANOMAS

Although melanomas account for only 4% of all der-
matological cancers, they are responsible for 80% of
deaths from skin cancer™*. In fact, the incidence of
melanoma is increasing worldwide, and the prognosis for
patients with high-risk or advanced metastatic melanoma
remains poor despite advances in the field™. Patients
who progress to stage [V metastatic melanoma have a
median sutrvival of < 1 yearm. Only 14% of patients
with metastatic melanoma survive for 5 years*. Mela-
nomas display both intrinsic and acquired resistance to
proapoptotic stimuli'” while most chemotherapeutic

agents still used to combat melanoma are proapoptotic
[48,49]

Great hope has been placed in vaccines, but only
limited successes have been observed to date'*".
deed, clinical trials of melanoma vaccines have yielded
inconclusive data on whether a positive melanoma-

. . . 45
specific immune response predicts treatment benefit*”.

In-
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In fact, melanoma cells are able to escape natural, en-
dogenous or therapeutically induced immune attacks®™.
The Rabinovich group'™ has elegantly demonstrated
that melanoma-secreted galectin-1 induces apoptosis
of activated T cells through recognition of glycosyl-
ated CD3, CD7 and CD45, thereby constituting an
important mechanism of tumor escape in experimental
melanomas. The blockade of this inhibitory signal can
allow for and potentiate effective immune responses
against melanoma cells with profound implications for
cancer immunotherapy. Decreasing galectin-1 expres-
sion in melanoma could be achieved through the use of
anti-galectin-1 siRNA, which we have developed[sﬂ and
aim to use for vaccine therapy in glioma patients'” as
detailed below.

Melanomas are associated with marked angiogen-
P4 and hypoxia favors melanoma progressionm]. Ga-
lectin-1 is a hypoxia-inducible proteinm’s‘ﬂ with marked
proangiogenic effects™ that have been demonstrated
in experimental melanomas'"". Great hope has also been
placed in antiangiogenic therapies to combat melano-
as™" and decreasing galectin-1 expression in melano-
mas would be one strategy to accomplish this.

The PubMed database already includes about 2800
publications on galectins as of September 2011 with
920 of them related to galectin-1, but only 17 publica-
tions cross-reference melanoma and galectin-1, and they
often do so indirectly. In other words, little information
is available about the exact roles of galectin-1 in mela-
noma biology. The first report was published in 1995 by
van den Brile ¢z o/, who have shown that galectin-1
modulates human melanoma cell adhesion to laminin.
Subsequently, galectin-1 has been demonstrated to pat-
ticipate in the aggregation of human melanoma cells
through binding to the 90K/MAC-2BP glycoprotein[w].
As mentioned above, Rabinovich and his group have
demonstrated the roles of galectin-1 in immune tumor

esis

m

escape processes using an experimental melanoma
model”. We have used the same model to demonstrate
the protective roles of galectin-1 against chemotherapy-
induced cytotoxic insults in melanoma cells"". Although
Rondepiertre ¢ al'! have demonstrated a direct role for
galectin-1 in the biological aggressiveness of experimen-
tal melanomas, Bolander ¢ a/'? have failed to observe
any correlation between the levels of galectin-1 expres-
sion in melanoma and patient survival. Nevertheless, our
recent clinical data have indicated that galectin-1 is par-
ticularly highly expressed in advanced melanoma lesions,
notably in comparison to galectin-3 and -9 (submitted
manuscript).

Altogether, these data that are already available in
the literature strongly suggest that galectin-1 could be
implicated in various biological processes linked to mela-
noma progtession, such as tumor immune escape, tumor
angiogenesis and chemoresistance. However, most of
these data are from experimental models, and clinical
confirmation of these findings is warranted.
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Figure 1 Major roles of galectin-1 in tumor biology. CD: Cluster of differentiation antigen, could be CD2, CD3, CD7, CD29, CD43 and/or CD45 that are expressed
at the cell surface of activated T cell and that display typical B-galactosides recognized by galectin-1.

GALECTIN-1 AND GLIOMAS

There are 19 publications available in the PubMed data-
base with cross references about galectin-1 and gliomas

and 17 with cross references about galectin-1 and mela-
nomas (as of July 2011). However, much more informa-
tion is available about how galectin-1 controls glioma cell
biology than melanoma cell biology.

Gliomas are the most common primary brain tumors,
among which glioblastoma (GBM) is the most malignant
form. Malignant gliomas, especially GBMs, are character-
ized by the diffuse invasion of distant brain tissue by a
myriad of single migrating cells with reduced levels of
apoptosis and consequent resistance to the cytotoxic in-
sults of proapoptotic drugslm"éz]. In contrast, GBM cells
are less resistant to cell death induced by sustained proau-
tophagic processeslﬁzj. Current clinical recommendations
for treating malignant glioma patients, and more specifi-
cally GBM patients, include maximum surgical resection
followed by concurrent radiation and chemotherapy with
temozolomide™ Y. This clinical protocol is now the stan-
dard of care for treating GBM patients, and the overall
survival rates have increased from 11% to 27% at 2 years,
from 4% to 16% at 3 years, from 3% to 12% at 4 years,
and from 2% to 10% at 5 years, compated to sutgery and
radiotherapy alone!™*,

As detailed below, galectin-1 significantly affects glio-

K
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ma progression. Experimental data have already been val-
idated, at least partly, by clinical data. By using computer-
assisted microscopy, we have quantitatively characterized
the levels of expression of galectins-1, 3 and 8 in 116
human astrocytic tumors of grades [ -IV by immunohis-
tochemistry. The data have indicated that the levels of
galectin-1 and 3 expression significantly changes during
the progression of malignancy in human astrocytic tu-
mors, whereas galectin-8 remains unchangedlmj. We have
extended our analyses to include a quantitative immuno-
histochemical determination of galectin-1 expression in
220 gliomas, including 151 astrocytic, 38 oligodendroglial
and 31 ependymal tumors obtained from surgical resec-
tions'™. We have also xenografted three human glio-
blastoma cell lines (H4, U87 and U373 models) into the
brains of nude mice to characterize the i vivo galectin-1
expression pattern following subsequent invasion into the
normal brain parenchymal(’sj. In addition, we have char-
acterized 7 vitro the role of galectin-1 in U373 tumor as-
trocyte migration and kinetics. Our data have revealed ex-
pression of galectin-1 in all human glioma types, with no
striking differences between astrocytic, oligodendroglial
and ependymal tumors®”. The level of galectin-1 expres-
sion is correlated only with grade of astrocytic tumors'®,
Furthermore, immunopositivity of high-grade astrocytic
tumors from patients with short-term survival periods
is stronger than tumors from patients with long-term
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survival®. In human glioblastoma xenografts, galectin-1
is preferentially expressed in the more invasive parts of
the Xenografts[(’s]. In vitro experiments have revealed that
galectin-1 stimulates the migration of U373 astrocytes'™.
Most of these data that we have producedm’(ﬁ] along with
Yamaoka ez al'”, have been validated by Jung ef a/'”.

We recently have reviewed the general roles of galec-
tins, in particular galectin-1, in gh'ornas[lsl. We therefore
focus our attention below on the biochemical pathways
in which galectin-1 is implicated when controlling various
processes related to glioma progression and to a lesser
extent, melanoma progression.

As mentioned earlier, we do not review in detail the
marked roles exerted by galectin-1 when tuning the im-
mune system response, and those associated with the
tumor immune escape phenomenon, because all these
aspects have been reviewed in depth by others™* ™),
Nevertheless, we highlight galectin-1 as a major target to
combat gliomas when vaccine therapy is proposed for
gliomas'® and melanomas. Active specific immunother-
apy based on dendritic cell vaccination is indeed consid-
ered to be a new promising concept aimed at generating
an antitumoral immune response in malignant gliomas
and melanomas that still have dismal prognosis despite
9% However, it is now widely
accepted that the success of immunotherapeutic strate-
gies to promote tumor regression will rely not only on
enhancing the effector arm of the immune response, but

also on the downregulation of the counteracting tolero-
119,66

multimodal treatments

genic signals'”*, We recently reviewed why galectin-1
should be actively targeted to lower glioma-mediated im-

: ; [19]
mune escape during vaccine therapy .

GALECTIN-1 CONTROLS GLIOMA CELL
MIGRATION

Although cell migration is the net result of adhesion,
motility and invasion®, galectin-1 modifies each of these
three cell-migration-related processes in glioma cells.
Immunohistochemical analysis of galectin-1 expres-
sion in human U87 and U373 glioblastoma xenografts
from the brains of immunodeficient mice has revealed
a higher level of galectin-1 expression in invasive ar-

eas compared with non-invasive areas of the xeno-
[16,65,6

7] . . . .
grafts . Immunodeficient mice intracranially grafted
with U87 or U373 cells that constitutively express low
levels of galectin-1 (by stable transfection of an expres-
sion vector containing the antisense mRNA of galec-
tin-1) have longer survival periods than those grafted
with U87 or U373 cells that express normal levels of
galectin-1,"", and galectin-1 added to the culture medium
markedly increases the motility of human neoplastic as-
trocytes >, We have demonstrated that these effects
are at least partly related to marked modifications in the
organization of the actin cytoskeleton and increases in
small GTPase RhoA expression'). We have also inves-
tigated stable knockdown of galectin-1 in human U87
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glioblastoma cells, and observed major alterations in gene
expression when we used cDNA microarray analysis.
Among the 631 genes tested that are potentially involved
in cancer, the expression of 86 genes was increased at
least twofold”, including ADAM-15 (disintegrin and
metalloproteinase domain-containing protein 15) and
microtubule-associated protein (MAP) 2, and expression
of these proteins was confirmed by immunocytochemis-
try'. The major differences in the patterns of the actin
stress fiber organization have also been observed™. as
previously reported for other glioma models'””, and U87
glioma cells that are stably deficient for galectin-1 expres-
sion are significantly less motile than control cells™  as
previously observed"””.

Genes whose patterns of expression markedly change
during galectin-1 knockdown include a-7/B-1 and -9/
B-1 integrins[(’gj. These data must be analyzed in parallel
with those we report above with respect to galectin-1-
mediated modifications in ADAM-15 expression because
the ADAM family of membrane-anchorage glycoproteins
encompass a catalytically active matrix metalloproteinase
domain and a disintegrin domain, and may also be in-
volved in the proteolytic cleavage of cell-surface proteins
and in integrin-mediated cell adhesion (including ¢-9/f-1
integrin/ ADAM-15 interactions) »ia RGD-dependent
and -independent bindinglésj. Using immunofluorescence
approaches, we observed that the depletion of galectin-1
through both stable knockdown and transient-targeted
siRNA treatments induced an intracellular accumulation
of B-1 integrin, along with a decrease in the expression
of this integrin at points of adhesion on the cell mem-
brane!™. Galectin-1 depletion does not alter the gene
expression level of B-1 integrin™. Transient galectin-1
depletion induces perinuclear accumulation of protein ki-
nase C (PKC)g and intermediate filament vimentin, both
of which have been shown to mediate integrin recycling
in motile cells. These data emphasize the involvement
of galectin-1 in the PKCg/vimentin-controlled traffick-
ing of -1 integrin in glioma cells. Figure 2 illustrates the
gross picture of galectin-1-related major roles in glioma
cell migration.

GALECTIN-1 CONTROLS
NEOANGIOGENESIS IN GLIOMAS AND
MELANOMAS

As mentioned eatlier, galectin-1 is a hypoxia-regulated
protein®* that has been shown to have major roles in
angiogenesis™* of gliomas™ and melanomas'". We first
highlighted that galectin-1 depleted melanoma tumors
in vivo display lower angiogenesis levels in close associa-
tion with marked necrotic processes' . We have recently
begun to decipher the molecular and biochemical path-
ways through which galectin-1 controls angiogenesis. In
gliomas, we have demonstrated that galectin-1 signals
through the IRE-1o (endoplasmic reticulum transmem-
brane kinase/ribonuclease inositol-tequiring 1c), which
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protein, member A GTPase.

regulates the expression of oxygen-regulated protein
150 (ORP150) that in turn controls vascular endothelial
growth factor (VEGF) maturation”. Thus, galectin-1
controls glioma angiogenesis through ORP150-mediated
VEGF maturation”. Similarly, galectin-1 depletion is
associated with decreased ORP150 expression level in
melanoma cells (unpublished data). Galectin-1 also mod-
ulates the expression of several other hypoxia-related
genes (e.g. CTGE, ATF3, PPP1R15A, HSPAS5, TRAT and
CYRG61) in the Hs683 glioma model, which are known
to display vatious roles in angiogenesis, which we have
demonstrated in galectin-1-dependent angiogenesis in
g]iornam].

We have observed a marked decrease in the expres-
sion of the brain-expressed X-linked gene, BEX2, with
decreased galectin-1 expression in glioma cells through
targeted anti-galectin-1 siRNA™., We have thus focused
on BEX2, and observed that decreasing BEX2 expres-
sion in human Hs683 glioma cells increased the survival
of Hs683 orthotopic xenograft-bearing immunodeficient
mice, whose tumors displayed decreased angiogenic lev-
els™. Furthermore, this decrease in BEX2 expression
impaired vasculogenic mimicry channel formation 7 vitro,
as observed when depleting galectin-1 in both glioma

K
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and melanoma cells. Thus, BEX2 is a second target, in
addition to ORP150, through which galectin-1 controls
angiogenesis in gliomas.

BEX2 also modulates glioma cell migration at both
adhesion and invasion levels through the modification of
several genes previously reported to play a role in cancer
cell migration, including MAP2, plexin C1, SWAP70, and
B-6 integrin[34]

Galectin-1 controls key angiogenic factors/ pathways
in tumoral cells. In addition, galectin-1 has been shown to
regulate directly the biological properties of endothelial
cells, such as proliferation, activation and 7 vitro tubular
network formation™, We have observed eatlier that ga-
lectin-3 also participates in glioma angiogenesis'.

GALECTIN-1 AND ITS MODULATING
ROLES IN CHEMOTHERAPY AND
RADIOTHERAPY IN THE SPECIFIC
CONTEXT OF MELANOMAS AND
GLIOMAS

Intratumoral hypoxia causes genetic changes in cancers
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that produce a microenvironment that selects for cells
with a more aggressive phenotypem. Hypoxia can initiate
cell demise by apoptosis/necrosis but can also prevent
cell death by provoking adaptive responses that facilitate
cell proliferation or angiogenesis, thus contributing to
tumor malignant progressionm, and in particular, glio-
mas”? and melanomas””. Hypoxia is also known to mod-
ulate the UPR, a coordinated program that promotes cell
survival under conditions of endoplasmic reticulum (ER)
stress, which is known to contribute to tumor malignant
progression and drug resistance of solid tumors'”. Con-
sidering that galectin-1 is a hypoxia-regulated proteinmSSJ,
we have investigated whether it can interfere with ER
stress responses and chemosensitivity. We have examined
whether decreasing galectin-1 expression (by means of
a siRNA approach) in human Hs683 GBM cells and
B16F10 melanoma cells could increase their sensitivity to
pro-autophagic or proapoptotic drugs. These data have
revealed that temozolomide, the standard treatment for
glioma patients, increases galectin-1 expression in Hs683
cells both iz vitrd™ and in vivd™. In contrast, reducing
galectin-1 expression in these Hs683 glioma cells using
siRNA increases the antitumor effects of various che-
motherapeutic agents, in particular temozolomide, both
in vitro and in w’vom’%J, which is a feature that we also have
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. . 11 :
observed in experimental melanomas' . This decrease

in galectin-1 expression in Hs683 glioma cells does not
induce apoptotic or autophagic features, but is found to
modulate p53 transcriptional activity and decrease p53-
targeted gene expression including DDIT3/GADD153/
CHOP, DUSP5, ATE3 and GADD45A"". Puchades
et al”™ have demonstrated that galectin-1 expression is
negatively regulated by transfection with TP53 in glioma
cells. We have further observed that the decrease in
galectin-1 expression in glioma cells also impairs the
expression levels of seven other genes implicated in
chemoresistance: ORP150, HERP, GRP78/Bip, TRA1,
BNIP3L, GADD45B and CYRG61; some of which are
located in the ER and whose expression is also known
to be modified by hypoxiapéj. In the case of the B16F10
mouse melanoma model, decreasing galectin-1 expres-
sion in vitro by means of an anti-galectin-1 siRNA ap-
proach does not modify their sensitivity to apoptosis
or autophagy“”. However, it does induce heat-shock-
protein-70-mediated lysosomal membrane permeabiliza-
tion, a process associated with cathepsin B release into
the cytosol, which in turn is believed to sensitize the cells
to the pro-autophagic effects of temozolomide when
grafted in vive"!

Galectin-1 expression is also upregulated by ionizing

September 26, 2011 | Volume 2 | Issue 9 |
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irradiation in glioma cell lines"". Therefore galectin-1 munotherapy/vaccine therapy, and to reinforce antian-
appears to be induced in cases of various cellular stress giogenic therapies Figure 4.
stimuli and could promote cell survival through the

various mechanisms described above and illustrated in
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Abstract

p53 is well known as a “guardian of the genome” for
differentiated cells, in which it induces cell cycle arrest
and cell death after DNA damage and thus contributes
to the maintenance of genomic stability. In addition to
this tumor suppressor function for differentiated cells,
p53 also plays an important role in stem cells. In this
cell type, p53 not only ensures genomic integrity after
genotoxic insults but also controls their proliferation
and differentiation. Additionally, p53 provides an effec-
tive barrier for the generation of pluripotent stem cell-
like cells from terminally differentiated cells. In this re-
view, we summarize our current knowledge about p53
activities in embryonic, adult and induced pluripotent
stem cells.
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INTRODUCTION

p53 1s one of the most well-known and most intensively
investigated tumor suppressor proteins. p53 is not a criti-
cal protein for survival, as mice and men can develop in
the absence of p53 or when the tumor suppressor pro-
tein is mutated. The benefit merely comes into play when

cells are exposed to conditions that bear an elevated risk
of acquiring mutations, such as irradiation or nucleotide
deprivation. Then, p53 halts the cell cycle to allow time
for repair of damaged DNA, or it initiates a cell death
program to eliminate cells with damaged or mutated
DNA from the cell population. Functionally, p53 is a
transcription factor. After activation, it binds to the pro-
moters of target genes and stimulates transcription of
certain genes, while repressing others'™. In addition, p53
can induce apoptosis in a non-transcriptional manner via
direct interaction with pro- and antiapoptotic proteins',

Due to its antiproliferative activity, p53 is under tight
control. The rapid degradation of p53 in 26S protea-
somes ensures that its abundance in non-stressed cells is
low. However, when its activity is required, p53 is protect-
ed from degradation and accumulates to high levels, while
an array of post-translational modifications fine-tunes its
activity™. The major regulator of p53 abundance is the
oncoprotein Mdm2. Mdm2 mediates the polyubiquitina-
tion of p53 and its association with 26S proteasomes,
resulting in p53 degradationwﬂ, Nonetheless, p53 can also
be degraded by other ubiquitin ligases and by ubiquitin-
independent pathways[s‘.

The p53 tumor suppressor protein is part of a mul-
tigene family that also includes p63 (TAp63) and p73
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(Tap73), as well as several splice variants of these pro-
teins'. Although p53, p63 and p73 share a significant
degree of homology and regulate a common set of target
genes, they target different cellular activities. The p53
protein has a fundamental role in growth control and
maintenance of genomic integrity, whereas mice that
are deficient in p73 have abnormalities of the nervous
system and suffer from chronic infections, and p63-null
mice lack limbs and a wide range of epithelial struc-
tures'”.,

Stem cells are present throughout embryonic devel-
opment and in adult organs. Basically, there are two types
of stem cells: embryonic stem cells (ESCs) that can be
isolated from the inner cell mass of blastocysts, and adult
stem cells (ASCs) that are found in various tissues and
organs. ESCs are pluripotent and can differentiate into all
tissues of an embryo, whereas ASCs are more restricted
in their differentiation potential. ASCs are, however, vital
for the normal turnover of regenerative organs, such
as blood, skin or intestine, and they are necessary for
replenishing specialized cells when they are lost, for ex-
ample, after tissue damagelgj. Since extensive proliferation
and differentiation of stem cells can contribute to hy-
perproliferative disorders, a coordinated control of stem
cell self-renewal and differentiation is fundamental for
maintaining tissue and organ homeostasis. p53 appears
to contribute to this restraint by controlling the prolifera-
tion, self renewal and differentiation of embryonic and
ASCs. With the increasing interest in stem cell biology
in the past few yeats, these activities of p53 have gained
significantly more attention. In this review, we provide
an overview of the current knowledge on p53 regulation
and activity in embryonic, adult and induced pluripotent
stem cells.

In the following sections, we distinguish the observa-
tions made with murine ESCs (mESCs) or human ESCs
(hESCs).

p53 IN ESCs

The first observation about a potential role of p53 in
ESCs dates back to 1980 when Mora ez @/ observed that
p53 was highly expressed in primary cell cultures obtained
from 12-14-d old mouse embryos but not in cells from
16-d old embryos. One year later, they observed that the
amount of p53 protein decreased significantly during em-

bryogenesism. This observation was further supported in
1985 when Rogel ¢ al' noticed a considerable reduction
in p53 mRNA during embryogenesis from day 11 on-
watds. Six years later, Schmid ez al” reported the tissue-
specific expression of the p53 gene during development
and confirmed the strong decline of p53 mRNA in cells
undergoing terminal differentiation. Subsequent publica-
tions further substantiated the finding that p53 is highly
abundant in mESCs!"*", Despite its high abundance
and the fact that the tumor suppressor protein was more
strongly acetylated at lysine 383 in hESCs compared to
differentiated cells, p53 was found to be inactive in stem

cells"*'".
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Figure 1 Differentiation of embryonic stem cells by p53. A: Treatment of
embryonic stem cells (ESCs) with nutlin leads to p53 accumulation and tran-
scriptional activation. Activated p53 stimulates transcription of p21, whose gene
product initiates cell cycle arrest at the G1/S border and differentiation; B: Treat-
ment of ESCs with retinoic acid (RA) leads to phosphorylation of p53 at serine
315 and repression of nanog followed by differentiation; C: Irradiation of ESCs
with UV light or treatment with doxorubicin leads to activation of p53. Activated
p53 represses transcription of nanog and oct4, resulting in the differentiation of
ESCs.

During differentiation, p53 protein and RNA decrease
signiﬁcantlylz’l1’12’]4’15]. Whether the reduction in p53 pro-
tein levels also corresponds to reduced activity is an open
question. Although Lin e a/” observed an increase in
p53 activity during differentiation and transctiption of its
target genes p21, mdm2 and killer/ DR5, Sabapathy e al"
observed a conformational change in the tumor suppres-
sor protein, and concomitantly, a decrease in its ability
to bind DNA, which would imply a dectease in the tran-
scriptional activity of p53 instead.

In ESCs, p53 is predominantly found in the cyto-
plasm”g"zo], This mainly cytoplasmic localization may also
account for the weak activity of this tumor suppressor
protein in differentiated cells.

P53 and the proliferation of ESCs

In differentiated cells, p53 is an important regulator of
cell proliferation. By controlling expression of the p27
gene, which encodes a prominent inhibitor of cyclin-
dependent kinases, p53 influences transition from G1
into S-phase of the cell cycle®. In addition, p53 is able
to initiate apoptosis by both the extrinsic and intrinsic
pathways™, Tn concordance with these activities in dif-
ferentiated cells, p53 also controls proliferation and cell
death in ESCs. Its absence leads to increased prolifera-
tion and reduced levels of spontaneous apoptosis of
mESCs!"". Treatment of hESCs with nutlin, an inhibitor
of p53 degradation, leads to the rapid accumulation of
p21 and to cell cycle arrest at the G1/S boundary™*"
(Figure 1A). Although removal of the drug after short-
term exposure re-establishes normal hESC morphol-
ogy, extended treatment results in extensive cell death™.,
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Table 1 p53 target genes regulating stem cell behavior

Gene Regulation Cell type Effect Ref.
nanog Repression mESCs Pro-differentiation B
4-Oct Repression mESC Pro-differentiation ()
wnt3, wnt3A, wnt 8a, wnt8h, wnt9A, Activation mESCs Anti-differentiation e
fzd1, fzd 2, fzd6, fzd8, fzd10, lefl

miRNA-200c Activation Mammary epithelial cells Inhibition of epithelial-mesenchymal transition 3
osterix Repression Mesenchymal stem cells Inhibition of osteogenic differentiation £y
runx2 Repression Mesenchymal stem cells Inhibition of osteogenic differentiation &l
ppary Repression Mesenchymal stem cells Inhibition of adipogenic differentiation £
duoxal; duox1 Activation Neural stem cells Activation of neurogenesis [100]
&fil Activation Hematopoietic stem cells Maintenance of quiescence [
necdin Activation Hematopoietic stem cells Maintenance of quiescence =
p21 Activation Hematopoietic stem cells Regulation of HSC amount [

Conversely, the inhibition of the transcriptional activ-
ity of p53 by pifithrin-o, a small molecule inhibitor of
p53, or shifting a temperature-sensitive mutant of p53
to the non-permissive temperature reduces apoptosis in
mESCs!***, Surprisingly, although pifithrin-o, reduces
both DNA-damage-induced as well as spontaneous
apoptosis in mESCs, treatment of hESCs fails to in-
hibit apoptosis induction by p53"". The reason for this
discrepancy is unclear. However, since pifithrin-o only
inhibits the transcriptional activities of p53 and not its
non-transcriptional proapoptotic activities in the cyto-
plasm[%], this result may indicate that the mitochondrial
pathway of apoptosis induction is more important for
p53-dependent apoptosis in hESCs than is the “classical”
transcription-dependent pathway.

Role of p53 in the differentiation of ESCs

p53 is a major driving force for the differentiation of
ESCs. Spontancous differentiation of hESCs is signifi-
cantly reduced when p53 abundance is decreased" . The
connection between p53 and differentiation became
particularly evident when Lin e# a/” found that p53 binds
to the promoter of nangg and suppresses its transcription
in mESCs (Figure 1B, Table 1). The homeodomain pro-
tein Nanog is highly abundant in ESCs and is required
for self-renewal and maintenance of an undifferentiated
state”” ™. Suppression of mangg transcription decreases
the amount of Nanog protein, and thus, supports ESC
differentiation”. In addition to the #angg promoter, p53
binds to the oc#4 promoter where it also reduces gene
transcription'”. Like Nanog, Oct4 belongs to the group
of pluripotency factors that are necessary for maintain-
ing ESCs in an undifferentiated state””””. Treatment
of hESCs with nutlin, which is a drug that leads to the
strong accumulation of p53, results in decreased nanog
and oc4 expression and induction of the differentiation
markers gatA4 and gat A6,

Further evidence for the importance of p53 for ESC
differentiation has come from the analysis of retinoic
acid (RA)-mediated differentiation. Treatment with RA is
a widely used method for differentiating ESCs in culture.
This treatment of ESCs with RA also leads to suppres-
sion of nanog transcription. Downtegulation of nanog
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after treatment with RA is, however, greatly attenuated
in ESCs when p53 is genetically deleted, indicating that
p53 plays an important role in RA-mediated suppression
of nanggd™. Tt is yet unclear how RA is linked to p53, al-
though the phosphorylation of p53 at serine 315 appears
to be particularly important for the suppression of zangg
transcription (Figure 1B). This phosphorylation enables
the recruitment of the cotepressor mSin3a to the nangg
promotet, which is essential for the full suppression of
nanog transcription[z].

In addition to favoring the differentiation of ESCs,
p53 also has antidifferentiation activity. The Wnt signal-
ing pathway is extremely important for the maintenance
of self-renewal and pluripotency of murine and human
ESCs”?. Wnt signaling is activated by binding of Wnt-
ligands to their cognate Frizzled receptor, which cul-
minates in the activation of the Lefl/Tcf transcription
complex™. Activation of p53 also counteracts differen-
tiation by leading to the induction of Wnt ligands and
receptors and Lef1" (Table 1).

p53 activities in ESCs in response to DNA damage

In differentiated cells, DNA damage leads to the accumu-
lation of p53 in the nucleus and mitochondria and to the
transcription of its target genes, including mwdm2, p21, bax,
puma and noxa, followed by cell cycle arrest at the G1/S
boundary and initiation of cell death™. Although the
elevated abundance of p53 in ESCs is generally accepted,
there ate contradictory reports about its activity in ESCs
in response to DNA damage. Some studies have reported
that p53 is only weakly or not activated in response to
y-irradiation of mESCs, or after treatment with #-phos-
phonacetyl-L-aspartate, and that both its protein level and
expression of its target genes p27 and mdm2 should re-
main unchanged. Other studies, including out own, have
reported p53 accumulation in the nucleus of mESCs in
response to UV light or y irradiation, or after treatment
with doxorubicin, as well as transcriptional activation of
its target genes p21, mdm2, puma and noxca” "5,

Despite transcription of the p27 gene after p53 acti-
vation, no p21 protein is produced in mESCs"*"™*". For
hESCs, there are conflicting data regarding p53 activity in
response to DNA damage. Qin ¢z a/'” failed to observe
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an increase in p27 mRNA in response to UV irradia-
tion despite accumulation and phosphorylation of p53,
whereas Filion ef @/ reported a significant induction of
p21 mRNA in response to ionizing radiation. However,
as reported in mESCs, the p21 protein was hardly detect-
able in hESCs.

Similar to differentiated cells in which p53 halts the
cell cycle and drives cells with damaged DNA into apop-
tosis'"", p53 is regarded as being responsible for the high
sensitivity of mESCs to DNA damage. Following its
accumulation in response to UV irradiation, p53 rapidly
induces apoptosis in mESCs, leading to the death of
a majority of the cells"®*. Treatment of hESCs with
etoposide leads to association of p53 with mitochondria
and to increased expression of puma. Subsequently, Bax
and Mcll are co-localized in perinuclear structures that
resemble mitochondrial aggregates, followed by rapid
and extensive induction of apoptosism. hESCs stably
transduced with an shRNA that is targeted against p53
show significant reduction of bax and puma expression
and apoptosis after treatment with etoposide, indicat-
ing a requirement of p53 for the induction of cell death
in hESCs in response to DNA damagem. In mESCs,
the colony forming ability after UV irradiation is more
strongly reduced in p53-positive mESCs than in those
that lack the tumor suppressor proteinm. Most intet-
estingly, although ESCs rapidly undergo apoptosis in
response to UV-irradiation or treatment with etoposide,
ionizing radiation is less efficient in inducing cell death.
Conflicting observations have, however, been made re-
garding the regulation of the clonogenic potential by p53
after ionizing irradiation. Corbet ez al*"" have observed a
stronger reduction in the colony forming ability of p53-
positive mESCs after y irradiation in comparison to p53-
deficient mESCs, although we failed to observe this dif-
ference after ionizing radiation"”

Apart from the increase in abundance, the p53 pro-
tein is also post-translationally modified in response to
DNA damagem. Of note, these post-translational modi-
fications differ between ESCs and differentiated cells and
between hESCs and mESCs, both in quality and in inten-
sity. In response to UV- or ionizing radiation, p53 from
hESCs is barely phosphorylated at serine 9, which is an
amino acid that is phosphorylated in response to cellular
stress in differentiated cells™. Also, phosphorylation
of serine 20 (serine 23 of murine p53) is rather weak in
mESCs. One explanation for this weak phosphorylation
of p53 in mESCs is that Chk2, the kinase that usually
phosphorylates this site, is hyperphosphorylated and teth-
ered in aggregates in mESCs, thus limiting its availability
for phosphorylating its cellular targets[37’43]. Conversely,
phosphorylation on serine 15 (serine 18 of murine p53)
of p53 is stronger in hESCs than in differentiated human
cells, while its intensity is similar in mESCs and mouse
embryonic fibroblasts (MEFs)!"".

In contrast to differentiated cells in which damage-in-
duced p53 activities are mostly restricted to the induction
of cell cycle arrest and apoptosis, p53 activation also af-
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fects differentiation in ESCs as a response to DNA dam-
age. By binding to the promoters of o4 and nangg, p53
represses the transcription of these pluripotency factors
and facilitates the differentiation of damaged ESCs™'"!
(Figure 1C). However, p53 can also induce transcription
of Wnt ligands and receptors in response to DNA dam-
age, which has antidifferentiation properties[34’44].

Overall, by enhancing the sensitivity to DNA damag-
ing agents, induction of cell death and by encouraging
differentiation, p53 acts as a guardian of the genome for
ESCs despite its failure to induce G1 arrest in this cell

type.

p53 IN ASCs

In addition to the developing embryo, stem cells have

also been identified in somatic tissues of adults, includ-
ing the nervous system, bone marrow, epidermis, skeletal
muscle, mammary gland and liver™ ", Stem cells in so-
matic tissue are usually called tissue or ASCs in order to
distinguish them from ESCs that are derived from the
inner cell mass of blastocystsm]. Even in adult organs,
tissue stem cells retain the potential for self-renewal and
differentiation into different cell types, but they have lost
pluripotency as well as the capacity to form a complete
Bl In organs, ASCs reside in specific nich-
es where they remain in a quiescent state during most of

new organism

the host’s lifetime. However, when new cells are required,
these tissue stem cells divide postnatally, frequently in an
asymmetric way, by which they generate another stem cell
as well as a committed progenitor daughter cell. The pro-
genitor cell then proliferates further and produces a pool
of differentiated cells. These differentiated cells replen-
ish cells as they die, due to natural wearing away or after
injury™. Therefore, stem cells are intimately involved in
maintaining tissue homeostasis.

Similar to ESCs, proliferation, self-renewal and ge-
nomic stability are tightly controlled in ASCs. Defects
in these parameters contribute to premature aging, to
failure to repair tissue injury and to the development of
cancet”™™. Detailed knowledge about the processes that
regulate proliferation, self-renewal and transformation of
tissue stem cells is therefore crucial to enable safe usage
of these cells for stem-cell-based therapies. The tumor
suppressor protein p53 is a key regulator of these pro-
cesses. In the following sections, we highlight the most
important results regarding p53 regulation and function
in various types of tissue stem cells.

Mammary gland stem cells

Mammary gland stem cells (MGSCs) direct mammary
gland development and functionality, and alterations
in the proliferation of these cells result in defects of
dP 553 appears to be a critical
control component for the development of mammary
glands. This appearance became particularly evident
when mammary glands of mice that expressed one wild-
type and one C-terminally deleted allele of p53 were

the mammary glan
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Figure 2 p53 suppresses self-renewal and promotes differentiation of adult stem cells. A: In mammary gland stem cells, p53 promotes asymmetric cell division,
resulting in an increased number of differentiated cells and a reduction in the stem cell pool; B: In mesenchymal stem cells (MSCs), p53 suppresses proliferation and
self-renewal and reduces differentiation by suppressing runx2, osterix and ppary; C: p53 supports quiescence of hematopoietic stem cells and reduces proliferation.
This effect is mediated by transcriptional activation of gf1, necdin and p21 (Top). In response to DNA damage, p53 enhances the death of severely damaged cells by
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investigated®”. Expression of a C-terminally deleted al-
lele of p53 in combination with a wild-type allele confers
increased resistance to tumorigenesis and accelerated
aging in mice!™. Mice that express this combination of
wild-type and C-terminally deleted p53 show significant
defects in the morphogenesis of mammary gland ducts.
Moreover, when mammary epithelium from these mice
is serially transplanted, the epithelium shows severely re-
duced transplant capabilities, indicative of early stem cell
exhaustion®”. Conversely, mammary epithelium of mice,
where p53 is genetically deleted, contains an increased
number of stem cells and is highly susceptible to tumor
formation”*, Moreover, MGSCs from p53” mice pro-
duce a higher number of mammospheres that are larger
in size when cultured””. Mammary stem cells from p53+/ ’
mice also show a higher number of mammospheres
than those from p53+ " mice, indicating that gene dosage
of p53 is important for proliferation””. These results
strongly suggest that p53 controls the maintenance of
a constant number of MGSCs by probably stimulating
asymmetric cell division'™ (Figure 2A). Loss of the tu-
mor suppressor protein shifts proliferation to the sym-
metrical division of MGSCs, resulting in the production
of only stem cells that all retain pluripotency and self-
renewal capacity. This symmetric division of MGSCs
results in significant enlargement of the stem cell pool,
which favors tumorigenesis of the mammary gland***”,
In addition to controlling proliferation and symmetry
of MGSC division, p53 regulates epithelial-mesenchymal
transition (EMT) in the mammary gland. EMT and the
reverse process, mesenchymal-epithelial transition (MET),
are key processes for the regulation of embryogenesis.
EMT and MET are a seties of events during which epi-
thelial or mesenchymal cells lose many of their charactet-
istics and take on properties that are typical of the other
cell type. This transition occurs as a result of a number
of intercellular and intracellular adjustments™. p53 sup-

K

;gua;:,ﬁ.,f,@ WIJBC | www.wjgnet.com

206

presses EMT by binding to the promoter of the microR-
NA %iR-200¢ and activating its expression'® (Table 1).
miR-200c is a mictoRNA that regulates EMT by inhibit-
ing ZEB1/2, a transcriptional repressor of E-cadherin!.
Re-expression of miR-200c in stem cells with deleted p53
reduces formation of mammospheres, indicating that
the control of proliferation and asymmetric cell division
of MGSCs by p53 may primarily occut by regulating this
microRNA,

Mesenchymal stem cells

Mesenchymal stem cells (MSCs) reside in the bone mar-
row and can differentiate into different types of cells
of mesodermal origin, such as osteoblasts, adipocytes
and chondrocytes'. Multipotent bone marrow MSCs
express low levels of adipogenic and osteogenic factors.
When this balance of adipogenic and osteogenic factors
is tipped, cells become committed toward one of these
lineages, and lineage-specific transcription factors that
promote one particular cell fate are transcribed. Lineage-
specific transcription factor activation usually occurs con-
comitantly with repression of the other cells’ fate'™. Loss
of p53 in MSCs results in severe alterations of tissue
homeostasis. The complete absence of p53 promotes a
higher proliferation rate of bone-marrow-derived MSCs,
which acquire the typical MSC surface phenotype earlier
than wild-type MSCs do. In addition, more precursors are
generated that are able to form colonies.

MSCs can be isolated and expanded iz vitro, which
predestines these cells for tissue engineering and thera-
peutic applicationsmjs]. However, MSCs that have been
extensively propagated 7 vitro frequently acquire muta-
tions that may lead to spontaneous transformation®""",
Therefore, extensively propagated MSCs should be taken
with care with regard to patient therapy. Moreover, the
expression profiles and mutation spectra of p53 of these
extensively propagated MSCs are similar to those found
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in human tumors. Therefore, these findings raise the
conjecture that mesenchymal tumors may originate from
aged MSCs™. The coincidence of p53 mutations and the
development of tumors in aged MSCs suggests that p53
activity might be required for maintaining genomic stabil-
ity in this cell type, and for suppression of spontanecous
transformation in long-term MSC cultures””. This notion
is further supported by the observation that MSCs from
mice with a genetic deletion of both p53 alleles are ca-
pable of forming tumors when they are injected into im-
munodeficient mice!”. Conversely, when both alleles of
the p27 gene, a target gene of p53 that is mainly respon-
sible for p53-mediated cell cycle arrest, are deleted, MSCs
do not show any signs of tumoral transformation™""".
Only when at least one allele of p53 is mutated in addi-
tion to p27 does p53 expression become lost after long-
term culture, and a significant increase in growth rate and
genomic instability is observed™. Loss of P53 expression
is further accompanied by the loss of expression of the
cdk inhibitor p76, upregulation of p79A 7 and ¢-mye, and by
the complete loss of any senescence phenotype[sz].

In addition to controlling proliferation and transfor-
mation, p53 also influences the differentiation of MSCs
(Figure 2B). MSCs that lack p53 generally differentiate
into adipocytes or osteocytes more rapidly than wild-
type MSCs. This increased differentiation occurs along
with enhanced expression of osteoblast differentiation
factors osterix and runx2, which are normally repressed by
p53, and by increased expression of runx2 and ppary™ ™
(Table 1). Conversely, osteoblast progenitor cells with
clevated p53 activity show reduced proliferation and re-
duced differentiation, indicating that p53 may negatively
regulate the differentiation process[w. Accelerated differ-
entiation in combination with an increase in macrophage
colony-stimulating factor is thought to be the reason for
the high bone mass that is observed in the absence of

p53"*,

Neural stem cells

The nervous system develops from neural stem cells
(NSCs), which have the capacity to self-renew and differ-
entiate into neurons, oligodendrocytes and astrocytes’™™",
Proliferation and differentiation of the nervous system
of mammals is limited after birth, although certain areas
in the brain retain multipotent precursor cells with the
ability to self-renew and differentiate along neural lineag-
es. Neurogenesis in the adult brain has been particularly
observed in the subventricular zone (SVZ) of the lateral
ventricle and in the subgranular zone of the hippocam-
pus®,

P53 has emerged as an important regulator of cell di-
vision both in the developing and in the adult brain™®*7,
The tumor suppressor protein has been shown to be
expressed in the SVZ as well as the lateral ventricle wall,
where most of the glial-fibrillary-acidic-protein-positive
astrocytes and Musashil-positive progenitor cells of the
SVZ reveal p53 immunoreactivity”. The major func-
tion of p53 in the brain is to protect neurons from DNA
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damage and transformation. Accordingly, p53 induces
cell-cycle arrest, DNA repair and cell death in the brain in
response to genotoxic insults. In addition, p53 regulates
proliferation, differentiation and development of the
brain. It promotes neuronal maturation, axon outgrowth
and regeneration after injury, and has a crucial role in
eliciting neuronal cell death during development™.

The first indication that p53 might regulate NSC
proliferation came about 15 years ago when the p53 gene
was deleted in mice. Of those animals that lacked both
alleles of p53, more than 15% showed cellular over-
growth in the mid-brain®™. Comparisons of wild-type
and p53 knockout mice have revealed that the number
of proliferating cells in the SVZ from p53-null mice is
significantly higher than in p53 wild-type mice. This hy-
perproliferation of cells of the SVZ results in areas of
increased cell density that are distributed along the walls
of the lateral ventricle”"”". The hyperproliferation of
cells of the SVZ is probably caused by expansion of the
stem cell/progenitor compartment, along with rapid dif-
ferentiation towards neuronal and glial lineagesmgﬂ‘ An
increased proliferation of p53-negative NSCs becomes
apparent when NSCs from p53 knockout mice are taken
into culture. These NSCs form an increased number of
clonal aggregates called neurospheres in comparison to
those from wild-type mice. In addition, neurospheres
from p53-null NSCs are larger in size, due to increased
cell content”™". When NSCs are recovered from these
neurospheres, a greater proportion of cells are capable
of initiating new neurospheres compared to NSCs from
wild-type mice™”"). These observations strongly suggest
that p53 is a negative regulator of NSC self-renewal.

Proliferation of NSCs lacking p53 is further enhanced
when cells are also null for phosphatase and tensin ho-
molog (PTEN). Moreover, although NSCs that lack p53
still respond to differentiation cues, this property is not
the case when PTEN and p53 are both genetically delet-
ed. Instead, the cells retain their stem-cell-like morphol-
ogy and continue to express NSC lineage markers, even
after experiencing differentiation cues”. The reason for
this increased proliferation and inhibition of differentia-
tion is probably a substantial increase in ¢-zyc expression
in the absence of p53 and PTEN, whereas ¢-)c expres-
sion is only marginally elevated in p53’/’ or PTEN”"
NSCs. Enforced expression of c-ye in p53'/’ NSCs also
enhances proliferation and represses differentiation in
the absence of p53 alone, whereas genetic deletion of
c-mye in p53/PTEN-deficient NSCs restores their dif-
ferentiation potentiall%J. Thus, p53 and PTEN may both
suppress ¢-ye expression in NSCs and allow differentia-
tion to take place. Loss of one of these proteins may be
compensated by the other factor or other components in
the cell, while loss of both leads to snapping through of
the differentiation-blocked phenotype.

Alterations in cell number can be achieved by modu-
lating proliferation or by enhancing or reducing cell
death. p53 can affect both possibilities; it influences
cell proliferation by controlling expression of the cdk-
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inhibitor p27, and cell death by activating transcription
of proapoptotic genes such as bax, puma or noxa, as well
as by binding to pro- and antiapoptotic members of
the Bcl-2 family™. Yet, the ability of p53 to induce cell
death appears to be negligible for constraining prolifera-
tion of NSCs. The smaller neurospheres that are formed
in the presence of p53 show no indication of cell death.
Also, overexpression of an isoform of p53 (ANp53) that
is shorter and more stable, and therefore, more active,
reduces the size of neurospheres but does not increase
the level of apoptosis[97’99]. Consistent with these i vitro
results, mice overexpressing ANp53 show a clear age-
dependent decline in the number of proliferating cells
in the SVZ, and a reduction in the supply of new olfac-
tory bulb neurons compared to mice expressing normal
p53. Olfactory bulb neuron exhaustion is not apparent
in younger mice, indicating that it is caused by premature
NSC exhaustion”. In line with the reduction in NSC
proliferation and the absence of increased cell death,
overexpression of ANp53 leads to constitutive expres-
sion of the cdk-inhibitor p27, compromises the re-entry
of dormant NSCs into the cell cycle and to extended du-
rations of cell-cycle passagesml.

Although there is unanimity about the regulatory role
of p53 in NSC proliferation, there are differing reports
regarding the impact of p53 for differentiation. Jonas
Meletis ez al™ have reported that neurospheres from p53-
null and wild-type NSCs contain a similar number of
neurons, astrocytes and oligodendrocytes, whereas Arme-
silla-Diaz e a/”" and Masato Nagao et al'™ have found
that differentiation of neurospheres from p53-null mice
is biased towards neuronal precursors. Regardless of the
differing reports regarding the role of p53 in NSC differ-
entiation, p53 activity increases during development and
is at the time when neuronal differentiation takes place at
its maximum!""'"™. Also in cultured NSCs, p53 expres-
sion increases during differentiation”, which might be
caused by a gradual upregulation of p19™". p19™ binds
to the central domain of the Mdm?2 , which is the most
important negative regulator of p53, and inhibits Mdm2-
mediated degradation of the tumor suppressor protein”,
As a result of this inhibition, p53 accumulates in the cell
in an Arf-dose-dependent manner. The amount of p19Arf
increases up to 20-fold from E13.5 to postnatal day 2,
which could be responsible for the increase in p53 ex-
pression[moj. Consistent with a regulation of p53 by pl9Arf
and a putative role of p53 in suppressing self-renewal of
NSCs and supporting differentiation towards glia cells,
eatly-stage NSCs, which express little p79A 7 tetain a high
self-renewal capacity and differentiate towards the neu-
rogenic lineage, whereas late-stage NSCs, which possess
more p19Arf, have a lower self-renewal capacity and pre-
dominantly generate glia cells". In line with this notion,
the enhanced downregulation of pl9Arf or genetic dele-
tion of p53 enhances the self-renewal potential of NSCs
as well as the production of neurons, whereas overexpres-
sion of p79A”f reduces NSC proliferation and promotes
differentiation into glia cells™ (Figure 3). Furthermore,
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Figure 3 Antagonistic regulation of differentiation of neural stem cells
by Arf/p53 and Myc. Myc regulates self-renewal of neural stem cells (NSCs)
and enhances their differentiation into the neuronal lineage. At early stages
of embryogenesis, myc expression is high and p19"” expression is low. Later
in development, mitogenic signals upregulate p19™" expression, resulting in
enhanced abundance of the p53 tumor suppressor protein, which suppresses
self-renewal of NSCs and differentiation towards the neuronal lineage while it
supports gliogenesis "

induction of NSC differentiation leads to phosphoryla-
tion of p53 at serine 15 and enhances its DNA binding
activity. It is, therefore, not surprising that differentiation
of NSCs is concurrent with alterations in the expression
of p53 target genes[104j. Two possible target genes of p53
during neuronal differentiation are dual oxidase (DUOXT7)
and its maturation factor DOUXAT (Table 1). Expres-
sion of p53 in P19 pluripotent embryonal carcinoma
cells increases the level of both DUOX1 and DUOXA1
and allows their physical interaction"”. Both proteins,
DUOX1 and DUOXAI, play an important role in the
regulation of neuronal differentiation through DOUXI1-
mediated reactive oxygen species production and modu-
lation of intermediate filaments'"”. Transcriptional acti-
vation of these two proteins may, therefore, contribute to
the differentiation-inducing activity of p53 in NSCs.
About 50% of human tumors express a mutated p53
gene, including brain tumors, where p53 mutations are
found frequently. Mutations of p53 are associated with
both tumor initiation and expansion in the brain, sup-
porting the importance of this tumor suppressor protein
for maintaining tissue homeostasis'. In differentiated
cells, the activity of p53 comes mainly into play when the
DNA of a cell has been damaged, at which point p53 ini-
tiates cell cycle arrest and cell death"”. More recently, it
has been shown that when cell cycle regulation or DNA
integrity is perturbed in neural precursors, p53 is a major
proapoptotic proteinlwsj. Telencephalic cells grown to
neurospheres are arrested at the G1/S boundary of the
cell cycle after irradiation, and show enhanced induction
of apoptosis along with enhanced abundance and nuclear
localization of p53 and its downstream targets p21 and
Bax. At the same time, Rad57 and Rrm2 are transcription-
ally repressed by p53, demonstrating that in response to
genotoxic stress, p53 regulates transcription and repres-
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genes in neural progenitors .

sion of its target
Cultures from p53
in G1/S phase and exhibit a significantly lower level
of spontaneous and DNA-damage-induced apoptosis
than their wild-type counterparts, thereby showing that
DNA damage-induced G1 arrest and apoptosis in neural
precursor cells are critically dependent on p53'*'*!",
Also, immortalized human NSCs show upregulation and
phosphorylation of p53 in response to ionizing radia-
. indicating that this is a general response of NSCs
to DNA damage. Importantly, although neurospheres
derived from wild-type animals exhibit only slight karyo-
typic modifications, neurospheres derived from p53-null
animals show major structural chromosomal aberrations
and aneuploidy, particularly with higher passage num-
bers™, demonstrating that p53 is required for the main-

tenance of chromosomal stability in NSCs.

" neural progenitors are not arrested

tion

Hematopoietic stem cells

Most adult hematopoietic stem cells (HSCs) exist in a
relatively quiescent state in the microenvironment of the
bone marrow. Once activated, they start to proliferate
and differentiate along the different hematopoietic cell
lineageslm’113].

As shown for stem cells in other tissues, p53 activity
also affects cell number, proliferation potential and dif-
ferentiation of HSCs. Accordingly, HSCs of mice with a
hyperactive mutant form of p53'! show a reduced num-
ber of proliferating HSCs. Conversely, a reduction in p53
increases proliferation and self-renewal of HSCs!" M,
Absence of the p53 target gene p21"'"! (Table 1) results
in an increased number of HSCs, whereas high levels of
p21 mRNA in the quiescent stem cell fraction restrict
stem cells from entry into the cell cycle"™. Nevertheless,
it should be noted that p21 abundance is also regulated
by mechanisms independent of p53“wJ.

In addition to controlling proliferation of HSCs, p53
is an essential component for maintaining quiescence of
HSCs"™\. This activity of p53 may also be regulated by
le[mJ, although others have found that the role of p21
in maintaining HSC function is limited" """, Other p53
target genes that might be involved in mediating quies-
cence are gfi-1 and necdin (Figure 2C). Both genes have
been identified as direct p53 targets by transcript profil-
ingms] (Table 1). Gfi-1 is a zinc-finger-containing repres-
sor protein that has been shown in the past to restrict
HSC proliferation'**'*. Necdin is a growth-inhibitory
protein that interacts with multiple proliferation-promot-
ing proteins, such as simian virus 40 large T antigen or
E2F-11", Downregulation of Necdin diminishes HSC
quiescence, whereas quiescence is increased when necdin
is overexpressedl“i].

Furthermore, p53 is an important component of the
DNA damage response of HSCs. HSCs from mice lack-
ing p53 are more resistant to irradiation-induced apop-
tosis compared to HSCs from wild-type mice, indicating
that p53 induces cell death in HSCs in response to DNA
darnagems]. p53 also controls a process called cell compe-
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tition in HSCs in response to DNA damage (Figure 2C).
Cell competition is the active elimination of suboptimal
cells, basically enabling the selection of the fittest. This
process has initially been described for Drosophila, but it
probably plays a wider role in tissue homeostasis of all
metazoans' . Cell competition is activated in HSCs after
DNA damage and selects for the least-damaged cells. De-
spite being controlled by p53, cell competition is distinct
from the classical p53-mediated DNA damage response.
It persists for several months, appears to be specific for
HSCs and progenitor cells, and depends on relative rather
than absolute p53 levels in competing cells. Cell competi-
tion in response to DNA damage is probably mediated
by a non-cell-autonomous induction of proliferation ar-
rest and senescence-related gene expression in those cells

that possess higher p53 activity!™,

p53 IN INDUCED PLURIPOTENT STEM
CELLS

Somatic cells can be reprogrammed into pluripotent

stem cell-like cells by overexpression of combinations
of different pluripotency factors. The reprogramming
of differentiated cells is a possible source for autologous
pluripotent cells that can be transplanted into patients.

Since 2006, when the first induced pluripotent stem
cells (iPSCs) were generated by overexpression of oc#4,
sox2, Rl and e-mye in adult and embryonic fibroblasts!™*”,
1PSCs have been generated from cells of multiple origins,
including embryonic fibroblasts, adult fibroblasts, neural
progenitor cells, hepatocytes, epithelial cells and keratino-
cytes, by combinations of different reprogramming fac-
tors'™""’!. However, the low frequency and the tendency
to induce malignant transformation by overexpression of
proto-oncogenes raises doubts about the clinical applica-
bility of this approach.

Reprogramming only occurs in a very small percent-
age of transfected cells, suggesting the existence of
reprogramming barriers. Since decreased protein levels
of p53 and p21 were observed in iPSCs derived from
MEFs"* it was assumed that P53 might play a role in
the reprogramming process of somatic cells. One of
the first such reports came from Zhao ez al™ who have
observed that downregulation of p53 by siRNA dramati-
cally enhances the efficiency of iPSC generation from
human adult fibroblasts. This result has been confirmed
by Kawamura ¢f /" and Li ez a/"", who have observed
that reducing p53 levels by p53 shRNA or by using p53-
null MEFs increases the efficiency of reprogramming,
whereas re-expression of p53 in p53-null MEFs markedly
reduces it. Downregulation of p19M, a prominent regula-
tor of p53 activitym, also enhances reprogramming effi-
ciency of MEFs and murine keratinocytes[BM. The repro-
gramming efficiency of mouse fibroblasts lacking p79A 7is
similar to that of MEFs lacking p53, suggesting that the
reprogramming barrier that is controlled by p19M is me-
diated by p53m4] (Figure 4). However, despite the leading

role of p53 for reprogramming of human cells, p19M
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Figure 4 p53 provides a barrier for the reprogramming of somatic cells
to induced pluripotent stem cells. Somatic cells, such as mouse embryonic
fibroblasts (MEFs), can be reprogrammed to induced pluripotent stem cells
(iPSCs) after overexpression of a combination of reprogramming factors, such
as Kif4, Sox2, Myc and Oct4. KIf4 and Myc induce p19"" expression, which pre-
vents p53 degradation, resulting in its accumulation and expression of its target
genes. Among the target genes of p53 is p21, which causes senescence, and
bax, puma and noxa, which lead to apoptosis.

. . 132,134
appears to be more important for murine cells'**"*. Tt

is presently unclear how and why p53 imposes a repro-
gramming barrier. One possible explanation is that the
reprogramming factors c-Myc, Oct4 and Sox2 induce
p53 activity, thus, eliciting a stress response that finally
leads to cell cycle arrest and/or cell death (Figure 4). This
assumption is further supported by the finding that over-
expression of the antiapoptotic gene be/-2 increases the
efficiency of reprogramming, indicating that p53 imple-
ments the reprogramming barrier by eliminating cells that
express the reprogramming factors by apoptosis' . Most
interestingly, when p53 levels are reduced, MEFs can be
reprogrammed to pluripotency in the absence of onco-
genes, such as ¢y or kI, simply by the overexpression
of ot and sox2". Moreover, in the absence of p53, up
to 10% of transduced cells became iPSCs, and iPSCs
can even be generated from terminally differentiated
lymphocytes™. p53 may also implement a barrier for re-
programming by inducing senescence. Expression of the
four reprogramming factors oct, sox2, k4 and c-mye trig-
gers a senescence-like phenotype in human fibroblasts™”
(Figure 4). Senescence is an irreversible cell cycle arrest
in the G1 phase of the cell cycle caused, for example, in
response to cellular stress, such as DNA damage, treat-
ment with chemotherapeutic drugs, or aberrant expres-
sion of oncogenes. This arrest occurs mainly through
the activation of p53 and upregulation of p16™** and
p21"7, In fact, p27 has been shown to be an important
target of p53 in the context of implementing a repro-
gramming barrier!™. Nevertheless, other target genes of
p53 also appear to contribute, as the absence of p27 en-
hances reprogramming efficiency by only about fourfold,
whereas the absence of p53 does so by 7-10-fold"**",
Transfection of somatic cells with the four reprogram-
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ming factors significantly increases the percentage of
cells arrested in G1 phase without inducing apoptosis,
indicating a possible involvement of p21. Moreover, cells
expressing the reprogramming factors display an enlarged
cytoplasm, a senescence-associated -galactosidase activ-
ity and heterochromatic foci. Ablation of the senescence
effectors, p16INK4a, p53 and p21 improves the efficiency
of reprogramming signiﬁcantly“%].

Although suppression of p53 appears to be a feasible
way of improving reprogramming efficiency, permanent
suppression of p53 may lower the quality of iPSCs, by
allowing the outgrowth of iPSCs with permanent DNA
lesions and chromosomal aberrations. p53 appears to be
critically involved in preventing the reprogramming of
cells with damaged DNA, short telomeres or reduced
DNA repair deficiency. MEFs with critically short telo-
meres or MEFs treated with low doses of y-irradiation or
UV light show low reprogramming efficiency. Abrogation
of p53 in these cells restores reprogramming efficiency
to the level of undamaged p53-null cells"™,

CONCLUSION

Although mice with genetic deletions of both p53 al-
leles develop normally, there is increasing evidence for a
role of p53 in the regulation of stem cell proliferation,
differentiation and the maintenance of stem cell genetic
stability. At present, we are only beginning to understand
the different actions that p53 exerts in stem cells, and the
underlying mechanisms are even less clear. It is of par-
ticular interest to establish how p53 avoids the acquisition
of mutations and genomic alterations after prolonged
propagation of ASCs i vitro. Another important ques-
tion is why p53 implements a barrier for the generation
of iPSCs and how to citcumvent this barrier for the
generation of isotypic stem cells from patients without
instigating the risk of expanding stem cells with genetic
alterations. Transient suppression of p53 might be a use-
ful compromise, however, it is presently unclear whether
cells that survive the reprogramming process are truly
free of mutations and aberrations when p53 has been in-
activated for some duration. Therefore, more research is
required to allow the safe use of stem cells for therapy.
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Sentaosa, Singapore

March 4

Discussion Workshop: Perfecting the
ELISPOT - a time for answers
London, United Kingdom

March 4-11

Inorganic Reaction Mechanisms
Gordon Research Conferences
Galveston, United States

March 7-8

Fragments 2011 - Third RSC-BMCS
Fragment-based Drug Discovery
meeting

Stevenage, United Kingdom

March 9-13

10th International Conference on
Alzheimers and Parkinsons Diseases
Barcelona, Spain

March 13-18
Pittcon 2011
Atlanta, United States

March 17-20

EMBO | EMBL Symposia: Seeing is
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Heidelberg, Germany
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March 20-22

The molecular biology of
inflammatory bowel diseases
Durham, United Kingdom

March 21-23
World Congress on Biotechnology
Hyderabad, India

March 23-25

BIT’s 4th Annual Protein and
Peptide Conference

Beijing, China

March 25-27

2011 3rd International Conference
on Bioinformatics and Biomedical
Technology 3rd round call for paper
Sanya, China

March 27-April 2

EMBO Practical Course - Methods in
Chemical Biology

Heidelberg, Germany

April 6-8

Faraday Discussion 150: Frontiers in
Spectroscopy

Basel, United States

April 6-8

Membrane Proteins: Structure and
Function

Oxford, United Kingdom

April 11-12

7th SCI-RSC symposium on
Proteinase Inhibitor Design
Basel, United States

April 11-14

First EuCheMS Inorganic Chemistry
Conference (EICC-1)

Manchester, United Kingdom

April 18-19

Analysis of free radicals, radical
modifications and redox signalling
Birmingham, United Kingdom

April 2021

BioFine Europe Exhibition 2011
Cambridge, United Kingdom

May 1-6

46th EUCHEM Conference on
Stereochemistry

Brunnen, United States

June 1-5

EMBO Conference Series -
Chromatin and Epigenetics
Heidelberg, Germany

June 15-17
Spectroscopy - Detective in Science
Rostock, Germany

June 15-18

3rd International Symposium on
Metallomics

Miinster, Germany

July 11-13
Ubiquitin Conference
Philadelphia, United States

July 17-22

Charge Transfer in Biosystems - ESF-
LFUI Conference

Obergurgl, United States

July 18-20

2nd International Congress on
Analytical Proteomics
Qurense, United States

August 3-4

From beads on a string to the pearls
of regulation: the structure and
dynamics of chromatin

Cambridge, United Kingdom

August 7-12

15th International Conference on
Biological Inorganic Chemistry
(ICBIC 15)

Vancouver, United States

August 28-September 2
Microscopy Conference 2011
Kiel, Germany
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GENERAL INFORMATION

World Journal of Biological Chemistry (World | Biol Chem, WJBC, online
ISSN 1949-8454, DOL: 10.4331), is a monthly, open-access (OA),
peer-reviewed journal supported by an editorial board of 523 ex-
perts in biochemistry and molecular biology from 40 countries.

The biggest advantage of the OA model is that it provides free,
full-text articles in PDF and other formats for experts and the public
without registration, which eliminates the obstacle that traditional
journals possess and usually delays the speed of the propagation and
communication of scientific research results. The open access model
has been proven to be a true approach that may achieve the ultimate
goal of the journals, i.e. the maximization of the value to the readers,
authors and society.

Maximization of personal benefits

The role of academic journals is to exhibit the scientific levels of
a country, a university, a center, a department, and even a scientist,
and build an important bridge for communication between scientists
and the public. As we all know, the significance of the publication of
scientific articles lies not only in disseminating and communicating
innovative scientific achievements and academic views, as well as pro-
moting the application of scientific achievements, but also in formally
recognizing the "priority" and "copyright" of innovative achievements
published, as well as evaluating research performance and academic
levels. So, to realize these desired attributes of WJBC and create a
well-recognized journal, the following four types of personal benefits
should be maximized. The maximization of personal benefits refers
to the pursuit of the maximum personal benefits in a well-considered
optimal manner without violation of the laws, ethical rules and the
benefits of others. (1) Maximization of the benefits of editorial board
members: The primary task of editorial board members is to give a
peer review of an unpublished scientific article via online office sys-
tem to evaluate its innovativeness, scientific and practical values and
determine whether it should be published or not. During peer review,
editorial board members can also obtain cutting-edge information in
that field at first hand. As leaders in their field, they have priotity to
be invited to write articles and publish commentary articles. We will
put peer reviewers’ names and affiliations along with the article they
reviewed in the journal to acknowledge their contribution; (2) Maxi-
mization of the benefits of authors: Since WJBC is an open-access
journal, readers around the world can immediately download and
read, free of charge, high-quality, peer-reviewed articles from WJBC
official website, thereby realizing the goals and significance of the
communication between authors and peers as well as public reading;
(3) Maximization of the benefits of readers: Readets can read or use,
free of charge, high-quality peer-reviewed articles without any limits,
and cite the arguments, viewpoints, concepts, theories, methods,
results, conclusion or facts and data of pertinent literature so as to
validate the innovativeness, scientific and practical values of their own
research achievements, thus ensuring that their articles have novel
arguments or viewpoints, solid evidence and correct conclusion; and
(4) Maximization of the benefits of employees: It is an iron law that a
first-class journal is unable to exist without first-class editors, and only
first-class editors can create a first-class academic journal. We insist
on strengthening our team cultivation and construction so that every
employee, in an open, fair and transparent environment, could con-
tribute their wisdom to edit and publish high-quality articles, thereby
realizing the maximization of the personal benefits of editorial board
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members, authors and readers, and yielding the greatest social and
economic benefits.

Aims and scope

The major task of WJBC'is to rapidly report the most recent devel-
opments in the research by the close collaboration of biologists and
chemists in atea of biochemistry and molecular biology, including:
general biochemistry, pathobiochemistry, molecular and cellular
biology, molecular medicine, experimental methodologies and the
diagnosis, therapy, and monitoring of human disease.

Columns

The columns in the issues of WJBC will include: (1) Editorial: To
introduce and comment on major advances and developments in the
field; (2) Frontier: To review representative achievements, comment
on the state of current research, and propose directions for future re-
search; (3) Topic Highlight: This column consists of three formats, in-
cluding (A) 10 invited review articles on a hot topic, (B) a commentary
on common issues of this hot topic, and (C) a commentary on the 10
individual articles; (4) Obsetrvation: To update the development of old
and new questions, highlight unsolved problems, and provide strate-
gies on how to solve the questions; (5) Guidelines for Basic Research:
To provide guidelines for basic research; (6) Guidelines for Clinical
Practice: To provide guidelines for clinical diagnosis and treatment;
(7) Review: To review systemically progress and unresolved problems
in the field, comment on the state of current research, and make sug-
gestions for future work; (8) Original Articles: To report innovative
and original findings in biochemistry and molecular biology; (9) Brief
Articles: To briefly report the novel and innovative findings in bio-
chemistry and molecular biology; (10) Case Report: To report a rare
or typical case; (11) Letters to the Editor: To discuss and make reply to
the contributions published in IJBC, or to introduce and comment
on a controversial issue of general interest; (12) Book Reviews: To
introduce and comment on quality monographs of biochemistry and
molecular biology; and (13) Guidelines: To introduce Consensuses and
Guidelines reached by international and national academic authorities
wortldwide on the research in biochemistry and molecular biology.

Name of journal
World Journal of Biological Chemistry

ISSN
ISSN 1949-8454 (online)

Indexed and Abstracted in
PubMed Central, PubMed, Digital Object Identifer, and Directory
of Open Access Journals.

Published by
Baishideng Publishing Group Co., Limited

SPECIAL STATEMENT

All articles published in this journal represent the viewpoints of the
authors except where indicated otherwise.

Biostatistical editing

Statistical review is performed after peer review. We invite an expert
in Biomedical Statistics from to evaluate the statistical method used in
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the paper, including #test (group or paired comparisons), chi-squared
test, Ridit, probit, logit, regression (lineat, curvilinear, or stepwise),
correlation, analysis of variance, analysis of covariance, e#. The re-
viewing points include: (1) Statistical methods should be described
when they are used to verify the results; (2) Whether the statistical
techniques are suitable or correct; (3) Only homogeneous data can be
averaged. Standard deviations are preferred to standard errors. Give
the number of observations and subjects (7). Losses in observations,
such as drop-outs from the study should be reported; (4) Values such
as ED50, LD50, IC50 should have their 95% confidence limits cal-
culated and compared by weighted probit analysis (Bliss and Finney);
and (5) The word ‘significantly’ should be replaced by its synonyms (if
it indicates extent) or the P value (if it indicates statistical significance).

Conflict-of-interest statement

In the interests of transparency and to help reviewers assess any poten-
tial bias, WJBC requires authors of all papers to declare any compet-
ing commercial, personal, political, intellectual, or religious interests
in trelation to the submitted work. Referees are also asked to indi-
cate any potential conflict they might have reviewing a particular
paper. Before submitting, authors are suggested to read “Uniform
Requirements for Manuscripts Submitted to Biomedical Journals:
Ethical Considerations in the Conduct and Reporting of Research:
Conflicts of Interest” from International Committee of Medical
Journal Editors ICMJE), which is available at: http://wwwicmje.
org/cthical_4conflicts.html.

Sample wording: [Name of individual| has received fees for serv-
ing as a speaker, a consultant and an advisory board member for [names
of organizations], and has received tesearch funding from [names of
organization|. [Name of individual] is an employee of [name of or-
ganization|. [Name of individual] owns stocks and shares in [name of
organization]. [Name of individual] owns patent [patent identification
and brief description].

Statement of informed consent

Manuscripts should contain a statement to the effect that all human
studies have been reviewed by the appropriate ethics committee
or it should be stated cleatly in the text that all persons gave their
informed consent prior to their inclusion in the study. Details that
might disclose the identity of the subjects under study should be
omitted. Authors should also draw attention to the Code of Ethics
of the World Medical Association (Declaration of Helsinki, 1964,
as revised in 2004).

Statement of human and animal rights
When reporting the results from experiments, authors should follow
the highest standards and the trial should conform to Good Clini-
cal Practice (for example, US Food and Drug Administration Good
Clinical Practice in FDA-Regulated Clinical Trials; UK Medicines
Research Council Guidelines for Good Clinical Practice in Clinical
Trials) and/or the Wotld Medical Association Declaration of Hel-
sinki. Generally, we suggest authors follow the lead investigator’s na-
tional standard. If doubt exists whether the research was conducted
in accordance with the above standards, the authors must explain the
rationale for their approach and demonstrate that the institutional
review body explicitly approved the doubtful aspects of the study.
Before submitting, authors should make their study approved by
the relevant research ethics committee or institutional review board.
If human participants were involved, manusctipts must be accompa-
nied by a statement that the experiments were undertaken with the
understanding and appropriate informed consent of each. Any per-
sonal item or information will not be published without explicit con-
sents from the involved patients. If experimental animals were used,
the materials and methods (experimental procedures) section must
clearly indicate that appropriate measures were taken to minimize
pain or discomfort, and details of animal care should be provided.

SUBMISSION OF MANUSCRIPTS
Manuscripts should be typed in 1.5 line spacing and 12 pt. Book
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II

Antiqua with ample margins. Number all pages consecutively, and
start each of the following sections on a new page: Title Page, Ab-
stract, Introduction, Materials and Methods, Results, Discussion,
Acknowledgements, References, Tables, Figures, and Figure Leg-
ends. Neither the editors nor the publisher are responsible for the
opinions expressed by contributors. Manuscripts formally accepted
for publication become the permanent property of Baishideng
Publishing Group Co., Limited, and may not be reproduced by any
means, in whole or in part, without the written permission of both
the authors and the publisher. We reserve the right to copy-edit and
put onto our website accepted manuscripts. Authors should follow
the relevant guidelines for the care and use of laboratory animals
of their institution or national animal welfare committee. For the
sake of transpatrency in regard to the performance and reporting of
clinical trials, we endorse the policy of the ICMJE to refuse to pub-
lish papers on clinical trial results if the trial was not recorded in a
publicly-accessible registry at its outset. The only register now avail-
able, to our knowledge, is http://www.clinicaltrials.gov sponsotred
by the United States National Library of Medicine and we encour-
age all potential contributors to register with it. However, in the case
that other registers become available you will be duly notified. A
letter of recommendation from each authot’s organization should
be provided with the contributed atticle to ensure the privacy and
secrecy of research is protected.

Authors should retain one copy of the text, tables, photographs
and illustrations because rejected manuscripts will not be returned
to the author(s) and the editors will not be responsible for loss or
damage to photographs and illustrations sustained during mailing,

Online submissions

Manuscripts should be submitted through the Online Submission
System at: http:/ /www.wjgnet.com/1949-8454office. Authors are
highly recommended to consult the ONLINE INSTRUCTIONS
TO AUTHORS (http://www.wignet.com/1949-8454/¢_info_
20100316155305.htm) before attempting to submit online. For
assistance, authors encountetring problems with the Online Submi-
ssion System may send an email describing the problem to wjbc@
wjgnet.com, or by telephone: +86-10-85381892. If you submit your
manuscript online, do not make a postal contribution. Repeated
online submission for the same manusctipt is strictly prohibited.

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample
margins. Style should conform to our house format. Required in-
formation for each of the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of less than 6 words should
be provided.

Authorship: Authorship credit should be in accordance with the
standard proposed by ICMJE, based on (1) substantial contribu-
tions to conception and design, acquisition of data, or analysis and
interpretation of data; (2) drafting the article or revising it critically
for important intellectual content; and (3) final approval of the ver-
sion to be published. Authors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the complete
name of institution, city, province and postcode. For example, Xu-
Chen Zhang, 1Li-Xin Mei, Department of Pathology, Chengde
Medical College, Chengde 067000, Hebei Province, China. One au-
thor may be represented from two institutions, for example, George
Sgourakis, Department of General, Visceral, and Transplantation
Surgery, Essen 45122, Germany; George Sgourakis, 2nd Surgical
Department, Korgialenio-Benakio Red Cross Hospital, Athens
15451, Greece
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Author contributions: The format of this section should be:
Author contributions: Wang CL and Liang L. contributed equally
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu
XM designed the research; Wang CL, Zou CC, Hong F and Wu
XM performed the research; Xue JZ and Lu JR contributed new
reagents/analytic tools; Wang CL, Liang L. and Fu JF analyzed the
data; and Wang CL, Liang L and Fu JF wrote the paper.

Supportive foundations: The complete name and number of
supportive foundations should be provided, e.g. Supported by Na-
tional Natural Science Foundation of China, No. 30224801

Correspondence to: Only one corresponding address should be
provided. Author names should be given first, then author title, af-
filiation, the complete name of institution, city, postcode, province,
country, and email. All the letters in the email should be in lower
case. A space interval should be inserted between country name and
email address. For example, Montgomery Bissell, MD, Professor of
Medicine, Chief, Liver Center, Gastroenterology Division, Universi-
ty of California, Box 0538, San Francisco, CA 94143, United States.
montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of +,
country number, district number and telephone or fax number, e.g

Telephone: +86-10-85381892 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review.
Normally, three experts ate invited for each article. Decision for
acceptance is made only when at least two experts recommend
an article for publication. Reviewers for accepted manuscripts are
acknowledged in each manuscript, and reviewers of articles which
were not accepted will be acknowledged at the end of each issue.
To ensure the quality of the articles published in WJBC, review-
ers of accepted manuscripts will be announced by publishing the
name, title/position and institution of the reviewer in the footnote
accompanying the printed article. For example, reviewers: Professor
Jing-Yuan Fang, Shanghai Institute of Digestive Disease, Shang-
hai, Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong
University, Shanghai, China; Professor Xin-Wei Han, Department
of Radiology, The First Affiliated Hospital, Zhengzhou University,
Zhengzhou, Henan Province, China; and Professor Anren Kuang,
Department of Nuclear Medicine, Huaxi Hospital, Sichuan Univer-
sity, Chengdu, Sichuan Province, China.

Abstract

There are unstructured abstracts (no more than 256 words) and
structured abstracts (no more than 480). The specific requirements
for structured abstracts ate as follows:

An informative, structured abstracts of no more than 480 words
should accompany each manuscript. Abstracts for original contribu-
tions should be structured into the following sections. AIM (no more
than 20 words): Only the purpose should be included. Please write
the aim as the form of “To investigate/study/...; MATERIALS
AND METHODS (no more than 140 words); RESULTS (no more
than 294 words): You should present P values where appropriate and
must provide relevant data to illustrate how they were obtained, e.g.
6.92  3.86 »s 3.61 £ 1.67, P < 0.001; CONCLUSION (no mote
than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus,
which reflect the content of the study.

Text

For articles of these sections, original articles and brief articles, the
main text should be structured into the following sections: INTRO-
DUCTION, MATERIALS AND METHODS, RESULTS and DIS-
CUSSION, and should include appropriate Figures and Tables. Data
should be presented in the main text or in Figures and Tables, but not
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in both. The main text format of these sections, editorial, topic high-
light, case teport, letters to the editors, can be found at: http:/ /www.
wjgnet.com/1949-8454/¢_info_20100316160646.htm.

Illustrations

Figures should be numbered as 1, 2, 3, e«., and mentioned cleatly
in the main text. Provide a brief title for each figure on a sepa-
rate page. Detailed legends should not be provided under the
figures. This part should be added into the text where the figures
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wijgnet.com/1007-9327/13/4891.pdf; http://www.
wignet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is
necessaty in line-art image. Scale bats should be used rather than
magnification factors, with the length of the bar defined in the leg-
end rather than on the bar itself. File names should identify the fig-
ure and panel. Avoid layering type directly over shaded or textured
areas. Please use uniform legends for the same subjects. For ex-
ample: Figure 1 Pathological changes in atrophic gastritis after treat-
ment. A: .; B .5 Gy Dr g Er L Bl Ge Lt Tt s our principle
to publish high resolution-figures for the printed and E-versions.

Tables

Three-line tables should be numbered 1, 2, 3, ¢#., and mentioned
clearly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one horizontal line under the title, a
second under column heads, and a third below the Table, above any
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations

Data that are not statistically significant should not be noted. *P <
0.05, P < 0.01 should be noted (P > 0.05 should not be noted). If
there are other series of P values, ‘P < 0.05 and “P < 0.01 are used.
A third series of P values can be expressed as ‘P < 0.05 and P < 0.01.
Other notes in tables or under illustrations should be expressed as
'E, °F, ’F; or sometimes as other symbols with a superscript (Arabic
numerals) in the upper left corner. In a multi-curve illustration, each
curve should be labeled with @, o, m, 0, A, /\, ez., in a certain se-
quence.

Acknowledgments

Brief acknowledgments of persons who have made genuine con-
tributions to the manuscript and who endorse the data and conclu-
sions should be included. Authors are responsible for obtaining
written permission to use any copyrighted text and/or illustrations.

REFERENCES

Coding system

The author should number the teferences in Arabic numerals ac-
cording to the citation order in the text. Put reference numbers in
square brackets in superscript at the end of citation content or after
the cited author’s name. For citation content which is part of the
narration, the coding number and square brackets should be typeset
normally. For example, “Crohn’s disease (CD) is associated with
increased intestinal permeability!””, Tf references are cited directly
in the text, they should be put together within the text, for example,
“From references”” Y, we know that...”

When the authors write the references, please ensure that the
order in text is the same as in the references section, and also ensure
the spelling accuracy of the first author’s name. Do not list the same
citation twice.

PMID and DOI

Pleased provide PubMed citation numbers to the reference list, e.g.
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PMID and DOI, which can be found at http://www.ncbi.nlm.nih.
gov/sites/entrezedb=pubmed and http://www.crossref.org/Sim-
pleTextQuety/, respectively. The numbets will be used in E-version
of this journal.

Style for journal references

Authors: the name of the first author should be typed in bold-faced
letters. The family name of all authors should be typed with the ini-
tial letter capitalized, followed by their abbreviated first and middle
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR). The title of the cited article and italicized
journal title (journal title should be in its abbreviated form as shown
in PubMed), publication date, volume number (in black), start page,
and end page [PMID: 11819634 DOI: 10.3748/wjg.13.539¢].

Style for book references

Authors: the name of the first author should be typed in bold-
faced letters. The surname of all authors should be typed with the
initial letter capitalized, followed by their abbreviated middle and
first initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS,
Bo-Rong Pan as Pan BR) Book title. Publication number. Publica-
tion place: Publication press, Year: start page and end page.

Format

Journals

English jonrnal article (list all authors and include the PNIID where applicable)

1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung E Evaluation of quantitative con-
trast harmonic imaging to assess malignancy of liver tumors:
A prospective controlled two-center study. World | Gastroenterol
2007; 13: 6356-6364 [PMID: 18081224 DOI: 10.3748/wjg.13.
63506]

Chinese journal article (list all anthors and include the PMID where applicable)

2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic
effect of Jianpi Yishen decoction in treatment of Pixu-diar-
rthoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287

In press

3 Tian D, Araki H, Stahl E, Bergelson |, Kreitman M. Signature
of balancing selection in Arabidopsis. Proc Nat/ Acad Sei USA
20006; In press

Organization as author

4 Diabetes Prevention Program Research Group. Hyperten-
sion, insulin, and proinsulin in participants with impaired glu-
cose tolerance. Hypertension 2002; 40: 679-686 [PMID: 12411462
PMCID:2516377 DOI:10.1161/01.HYP0000035706.28494.
09]

Both personal anthors and an organization as anthor

5  Vallancien G, Emberton M, Harving N, van Moorselaar RJ;
Alf-One Study Group. Sexual dysfunction in 1, 274 European
men suffering from lower urinary tract symptoms. | Uro/
2003; 169: 2257-2261 [PMID: 12771764 DOI:10.1097/01 ju.
0000067940.76090.73]

No anthor given

6 21st century heart solution may have a sting in the tail. BM]
2002; 325: 184 [PMID: 12142303 DOI:10.1136/bmj.325.
7357.184]

Volume with supplement

7 Geraud G, Spierings EL, Keywood C. Tolerability and safety
of frovatriptan with short- and long-term use for treatment
of migraine and in comparison with sumatriptan. Headache
2002; 42 Suppl 2: $93-99 [PMID: 12028325 DOI:10.1046/
j.1526-4610.42.52.7 x]

Issue with no volume

8  Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
section analysis in revision total joint arthroplasty. Clin Orthop
Relat Res 2002; (401): 230-238 [PMID: 12151900 DOI:10.10
97,/00003086-200208000-00026]

No volume or issue

9 Outreach: Bringing HIV-positive individuals into care. HRSA
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v

Careaction 2002; 1-6 [PMID: 12154804]

Books

Personal anthor(s)

10  Sherlock S, Dooley J. Diseases of the liver and billiary system.
9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296

Chapter in a book (list all anthors)

11 Lam SK. Academic investigatot’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York: Marcel
Dekker, 1991: 431-450

Author(s) and editor(s)

12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March of
Dimes Education Services, 2001: 20-34

Conference proceedings

13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V.
Proceedings of the 5th Germ cell tumours Conference; 2001
Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56

Conference paper

14 Christensen S, Oppacher E An analysis of Koza's computa-
tional effort statistic for genetic programming. In: Foster JA,
Lutton E, Miller ], Ryan C, Tettamanzi AG, editors. Genetic
programming. EuroGP 2002: Proceedings of the 5th Euro-
pean Conference on Genetic Programming; 2002 Apr 3-5;
Kinsdale, Iteland. Berlin: Springer, 2002: 182-191

Electronic journal (list all authors)

15 Morse SS. Factors in the emergence of infectious diseases.
Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05;
1(1): 24 screens. Available from: URL: http://www.cdc.gov/
ncidod/eid/index.htm

Patent (list all authors)

16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee.
Flexible endoscopic grasping and cutting device and positioning
tool assembly. United States patent US 20020103498. 2002 Aug
1

Statistical data

Write as mean = SD or mean * SE.

Statistical expression

Express 7 test as # (in italics), I test as I (in italics), chi square test as
XZ (in Greek), related coefficient as 7 (in italics), degree of freedom
as v (in Greek), sample number as # (in italics), and probability as P (in
italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pres-
sure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h,
blood glucose concentration, ¢ (glucose) 6.4 = 2.1 mmol/L; blood
CEA mass concentration, p (CEA) = 8.6 24.5 pg/L; CO, volume
fraction, 50 mL/L. CO,, not 5% CO,; likewise for 40 g/L. formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, ex. Arabic
numerals such as 23, 243, 641 should be read 23243 641.

The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/1949-8454/
g_info_20100309232449 htm.

Abbreviations

Standard abbreviations should be defined in the abstract and on
first mention in the text. In general, terms should not be abbrevi-
ated unless they are used repeatedly and the abbreviation is helpful
to the reader. Permissible abbreviations are listed in Units, Symbols
and Abbreviations: A Guide for Biological and Medical Editors and
Authors (Ed. Baron DN, 1988) published by The Royal Society of
Medicine, London. Certain commonly used abbreviations, such as
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR,
CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly
without further explanation.
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Italics

Quantities: # ime or temperature, ¢ concentration, 4 area, /length,
m mass, 17 volume.

Genotypes: gyrA, arg 1, ¢ mye, ¢ fos, ete.

Restriction enzymes: EewRI, Hindl, BanHI, Kbo 1, Kpn 1, et.

Biology: H. pylori, E coli, ete.
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Obsetvation: http:/ /wwwwijgnet.com/1949-8454/¢_info_20100316
155928.htm

Guidelines for basic research: http:/ /wwwwijgnet.com/1949-8454/
g info_20100312092119.htm

Guidelines for clinical practice: http://wwwwignet.com/1949-84
54/g_info_20100312092247.htm

Review: http://wwwwijgnet.com/1949-8454/¢_info_2010031616
0234.htm

Original articles: http://wwwwignet.com/1949-8454/¢_info_2010
0316160646.htm

Btief articles: http://wwwwijgnet.com/1949-8454/¢_info_201003
12092528.htm

Case report: http://www.wjgnet.com/1949-8454/¢_info_20100316
161452.htm

Lettets to the editor: http://wwwwjgnet.com/1949-8454/¢_info_
20100309232142.htm

Book reviews: http://wwwwignet.com/1949-8454/¢_info_201003
12092929 htm

Guidelines: http://wwwwignet.com/1949-8454/¢_info_20100312
093057.htm
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WJBC. The revised version including manuscript and high-resolu-
tion image figures (if any) should be copied on a floppy or com-
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Language evaluation
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Grade A or B.

Copyright assignment form
Please download a Copyright assignment form from http://www.
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Please tevise your article according to the comments/suggestions
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Science news releases

Authors of accepted manuscripts are suggested to write a science
news item to promote their articles. The news will be released rap-
idly at EurekAlert/AAAS (http://www.curekalert.org). The title for
news items should be less than 90 characters; the summary should
be less than 75 words; and main body less than 500 words. Science
news items should be lawful, ethical, and strictly based on your
original content with an attractive title and interesting pictures.
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IWJBC is an international, peer-reviewed, Open-Access, online jour-
nal. Articles published by this journal are distributed under the terms
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which permits use, distribution, and reproduction in any medium,
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mercial and is otherwise in compliance with the license. Authors of
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